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httpcense.Abstract Obesity is becoming more prevalent in the world and has many recognized impacts on
different body systems. Of particular interest is the impact on respiratory function in general and
more speciﬁcally in COPD patients as it is very common and affects different systems but mainly
the respiratory system.
Aim of the work: The aim of this work is to study the relation between body mass index, waist
circumference and Spirometry results in COPD patients.
Subjects, methods and result: The study included (90) male subjects divided into three groups:
group (A) included 30 nonsmoker healthy subjects with normal waist circumference (<102 cm)
serving as the control group, group (B) included 30 patients who had COPD with normal waist
circumference (<102 cm) and group (C) included 30 patients who had COPD with increased waist
circumference (P102 cm). Waist circumference was measured and Body mass index (BMI) was
calculated, then all subjects included underwent spirometry. The result revealed that waist circum-
ference was inversely related to FVC with a highly signiﬁcant relation in the obese group with
increased waist circumference. Waist circumference was also negatively associated with FEV1 with
a highly signiﬁcant relation in the obese group with increased waist circumference. BMI was; WC, waist circumference;
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322 L. Helala et al.inversely related to FVC among subjects of COPD groups (group B and C) with a very highly sig-
niﬁcant relation in group (C). BMI was negatively associated with FEV1 among subjects of COPD
groups (group B and C) with a very highly signiﬁcant relation in group (C).
Conclusion: There is a consistent association between waist circumference, BMI and pulmonary
function in COPD patients.
ª 2014 The Egyptian Society of Chest Diseases and Tuberculosis. Production and hosting by Elsevier
B.V.Open access under CC BY-NC-ND license.0.000
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Figure 1 Range of waist circumference measured among the
patients of the studied groups.Introduction
Chronic obstructive pulmonary disease (COPD) is a major
cause of chronic morbidity and mortality throughout the
world. Many people suffer from this disease for years and
die prematurely from it or its complications. COPD is the
fourth leading cause of death in the world, and further
increases in its prevalence and mortality can be predicted in
the coming decades [1].
The major respiratory complications of obesity include a
heightened demand for ventilation, elevated work of breath-
ing, respiratory muscle inefﬁciency and diminished respiratory
compliance. The decreased functional residual capacity and
expiratory reserve volume are associated with the closure of
peripheral lung units [2].
Waist circumference was negatively associated with forced
vital capacity and forced expiratory volume in the ﬁrst second,
and the associations were consistent across sex, age, and BMI
categories [3].
Several studies agree that the effect of weight gain on lung
function is greater in men than in women, probably due to gen-
der-related differences in fat distribution (i.e., the mechanical
effect of central fat distribution on the diaphragm in men).
The mechanical effects of truncal obesity partly explain the
reductions in chest wall compliance, respiratory muscle
strength and function, lung volumes and peripheral airway size
found in obese individuals [4].
Aim of the work
The aim of this work is to study the relation between body
mass index, waist circumference and Spirometry results in
COPD patients.
Subjects and methods
The present study was conducted upon (90) subjects admitted
either at Chest Department of Ain Shams University Special-
ized Hospital or coming to the Outpatient Clinic. Subjects
were classiﬁed into three groups as follows:
Group A (control): Included (30) nonsmoker healthy per-
sons with normal waist circumference serving as the control
group (waist circumference < 102 cm).
Group B: Included (30) COPD patients with normal waist
circumference (waist circumference < 102 cm).
Group C: Including (30) COPD patients with increased
waist circumference (waist circumferenceP 102 cm).
All were subjected to the following
(1) Full medical history taking.
(2) Thorough clinical examination.(3) Measuring weight and height to calculate BMI.
(4) Measuring waist circumference according to WHO
protocol.
(5) Routine chest X-ray.
(6) Spirometry according to American thoracic society/
European thoracic society [5].Exclusion criteria
(1) Severe and very severe COPD patients.
(2) Patients with respiratory failure or severe COPD
exacerbation.
(3) Any contra-indication to perform Spirometry.Anthropometric measurements were recorded as
Weight: was measured to the nearest 0.1 Kg while participants
wearing normal clothes.
Height: was measured by using a ﬁxed tape measure (in m)
while participants stand and wearing no shoes on a hard
surface.
Body mass index (BMI): BMI was calculated from height
and weight of the subject by using the following formula:
BMI = weight (kg)/height m2 [6] Fig. 2.
Waist circumference: was measured according to WHO
protocol [7] Fig. 1.
Procedure
(1) Clear the client’s abdomen of all clothing and
accessories.
(2) Position the client with feet shoulder width apart and
arms crossed over the chest in a relaxed manner.
(3) Take a position to the right side of the client’s body on
one knee.
(4) In this study WHO protocol of measuring the waist cir-
cumference was chosen (midpoint between the lower
border of the rib cage and the iliac crest).
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Figure 2 Range of BMI calculated among the patients of the
studied groups.
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 Measurement of the distance and calculation of the
midpoint between two bony landmarks.
 Draw a horizontal line at the calculated midpoint.
 Apply the tape directly around the abdomen at the
calculated midpoint.
 Use a cross-handed technique to bring the zero line
of the tape in line with the measuring aspect of the
tape.
 Ensure that the measuring tape is positioned in a hor-
izontal plane around the abdomen.
 Apply tension to the tape to ensure it is snug, without
causing indentation to the skin. At the end of a no-
rmal expiration, take the measurement to the nearest
0.5 cm.Statistical analysis
Analysis of data was done by IBM computer using SPSS (sta-
tistical program for social science version 12) as follows:
 Description of quantitative variables as mean, SD and
range.
 Description of qualitative variables as number and
percentage.
 Chi-square test was used to compare qualitative variables
between groups.
 Sperman correlation test was used to rank different vari-
ables against each other’s positively or inversely.e 1 Comparison between values of FEV1/FVC among the pat
FEV1/FVC
Range Mea
p A 70.400 ± 89.800 81.4
p B 50.340 ± 69.900 64.6
p C 65.190 ± 69.900 68.6
y’s test
B A & C
01* <0.001*
table shows:
best values of FEV1/FVC are represented in group A (81.49 mean ±
least values of FEV1/FVC are represented in group B (64.69 mean ±
highly signiﬁcant statistical difference in FEV1/FVC values between
ﬁcant statistical difference in FEV1 values between group B and gro One way ANOVA (analysis of variance) was used to com-
pare more than two groups as regards quantitative
variables.
 Linear regression analysis was used to ﬁnd the relationship
between dependent and independent variables.
The level of signiﬁcance was set as:
 P value > 0.05 was considered a non-signiﬁcant statistical
result.
 P value < 0.05 was considered a statistically signiﬁcant
result.
 P value < 0.01 was considered a highly statistically signiﬁ-
cant result.
 P value < 0.001 was considered a very highly statistically
signiﬁcant result.
Results
The study was conducted on three groups of male subjects
(1) Group A: (30) nonsmoker healthy persons with normal
waist circumference (WC< 102 cm) as the control
group.
(2) Group B: (30) COPD patients with normal waist circum-
ference (WC< 102 cm).
(3) Group C: (30) COPD patients with increased waist cir-
cumference (WCP 102 cm).
 In the present study the mean (±SD) age of patients of
the studied groups was 56.4 ± 5.5 years. The mean
(±SD) age of patients included in the control group
(A) was 53.7 ± 5 years, while that of patients included
in group (B) was 57.2 ± 5 years and that of patients
included in group (C) was 58.3 ± 5 years.
 Also the mean (±SD) value of BMI measured among the
studied groups was 26.6 ± 9.4Kg/m2 and the mean mea-
sured value of BMI among the obese group (group C)
was 34.3 ± 3.6 kg/m2 with a highly signiﬁcant statistical
difference between group C and other two groups
(A and B). In the current study the mean (±SD) value
of waist circumference measured among the studied
groups was 99.2 ± 10.9 cm and the mean value of
waist circumference measured among the obese groupients of the studied groups.
ANOVA
n± SD F P-value
9 ± 5.7 112.950 <0.001*
9 ± 5.2
9 ± 1.1
B & C
0.003*
5.7 SD).
5.2 SD).
group A (control) and other two groups. In addition there is also a
up C.
Table 2 Comparison between values of FEV1 (%best/predicted) among the patients of the studied groups.
Correlation FEV1 in (%best/predicted) ANOVA
Range Mean ± SD F P-value
Group A (Control) 73.130 ± 99.100 89.05 ± 6.9 185.927 <0.001
Group B 58.100 ± 83.000 69.49 ± 5.1
Group C 50.400 ± 67.560 60.18 ± 5.4
Tukey’s test
A & B A & C B & C
<0.001* <0.001* <0.001*
This table shows:
The best values of FEV1 are represented in group A (89.05 mean ± 6.9 SD)
The least values of FEV1 are represented in group C (60.18 mean ± 5.4 SD).
Very highly signiﬁcant statistical difference in FEV1 values between group A (Control) and other two groups. In addition there is also a very
highly signiﬁcant statistical difference in FEV1 values between group B and group C.
Table 3 Relationship between BMI and other spirometric
parameters comparing the control group (A) with group (B).
Correlation BMI (kg/m2)
Group A Group B
R P-value R P-value
FVC in liters 0.033 0.864 0.879 <0.01
FVC (%best/predicted) 0.109 0.565 0.824 <0.01
FEV1 in liters 0.028 0.881 0.288 <0.01
FEV1 (%best/predicted) 0.031 0.872 0.287 <0.01
FEV1/FVC 0.001 0.998 0.604 0.057
MMEF (%) 0.148 0.436 0.891 <0.01
This table shows:
Inverse relation between BMI and FVC, FEV1, MMEF with a
highly signiﬁcant statistical relation in group (B) only.
N.B. There is no signiﬁcant statistical relation between BMI and
FEV1/FVC.
Table 4 Relationship between BMI and other spirometric
parameters comparing the control group (A) with group (C).
Correlation BMI (kg/m2)
Group A Group C
R P-value R P-value
FVC in liters 0.033 0.864 0.953 <0.001
FVC (%best/predicted) 0.109 0.565 0.965 <0.001
FEV1 in liters 0.028 0.881 0.940 <0.001
FEV1 (%best/predicted) 0.031 0.872 0.862 <0.001
FEV1/ FVC 0.001 0.998 0.330 0.075
MMEF (%) 0.148 0.436 0.914 <0.001
This table shows:
Inverse relation between BMI and FVC, FEV1, MMEF with very a
highly signiﬁcant statistical relation in group (C) only.
N.B. There is no signiﬁcant statistical relation between BMI and
FEV1/FVC.
324 L. Helala et al.(group C) was 128.3 ± 15.1 cm with a highly signiﬁcant
statistical difference between group C and other two
groups (A and B).
 The best values of FEV1/FVC are represented in group
(81.49 mean ± 5.7 SD), the least values of FEV1/FVC
are represented in group (64.69 mean ± 5.2 SD). There
is also a very highly signiﬁcant statistical difference in
FEV1/FVC values between group A (control) and other
two groups. In addition there is also a signiﬁcant statisti-
cal difference in FEV1 values between group B and group
C as shown in Table 1.
 The best values of FEV1 are represented in group A
(89.05 mean ± 6.9 SD). The least values of FEV1 are
represented in group C (60.18 mean ± 5.4 SD). There is
also a very highly signiﬁcant statistical difference in
FEV1 values between group A (Control) and other two
groups. In addition there is also a very highly signiﬁcant
statistical difference in FEV1 values between group B and
group C as shown in Table 2.
 There is an inverse relation between BMI and FVC,
FEV1, MMEF with a highly signiﬁcant statistical rela-
tion in group (B) only, with no signiﬁcant statistical rela-
tion between BMI and FEV1/FVC as shown in Table 3.
 There is an inverse relation between BMI and FVC,
FEV1; MMEF with a very highly signiﬁcant statistical
relation in group (C) only, with no signiﬁcant statistical
relation between BMI and FEV1/FVC as shown in Table 4.
 There is an inverse relation between waist circumference
and FVC, FEV1, MMEF in both groups with a more sta-
tistically signiﬁcant relation in group C than that of
group B, with no signiﬁcant statistical relation between
BMI and FEV1/FVC as shown in Table 5.
 There is an inverse relation between waist circumference
and FVC, FEV1, MMEF with a highly signiﬁcant statis-
tical relation in group (B) only, with no signiﬁcant statis-
tical relation between BMI and FEV1/FVC as shown in
Table 6.
 There is an inverse relation between waist circumference
and FVC, FEV1, MMEF with a very highly signiﬁcant
statistical relation in group (C) only, with no signiﬁcant
statistical relation between BMI and FEV1/FVC as
shown in Table 7.
 There is a correlation found between a unit increase in
WC and measured values of FVC among patients ofgroup B and C, that every 1-cm increase in waist circum-
ference was associated with 20 ml reduction in FVC
among patients of group C only as shown in Table 8.
 There is a correlation found between a unit increase in
WC and measured values of FEV1 among patients of
Table 5 Relationship between waist circumference and other
Spirometric parameters comparing group B with group C.
Correlation Waist circumference in cm
Group B Group C
R P-value R P-value
FVC in liters 0.885 <0.01* 0.989 <0.001*
FVC (%best/predicted) 0.820 <0.01* 0.986 <0.001*
FEV1 in liters 0.254 <0.01* 0.966 <0.001*
FEV1 (%best/predicted) 0.251 <0.01* 0.910 <0.001
FEV1/FVC 0.634 0.123 0.352 0.057
MMEF (%) 0.884 <0.01* 0.978 <0.001*
This table shows:
Inverse relation between waist circumference and FVC, FEV1,
MMEF in both groups with more statistically signiﬁcant relation in
group C than that of group B.
N.B. There is no signiﬁcant statistical relation between BMI and
FEV1/FVC.
Table 6 Relationship between waist circumference and other
spirometric parameters comparing the control group (A) with
group (B).
Correlation Waist circumference in cm
Group A Group B
R P-value R P-value
FVC in liters 0.868 <0.01 0.885 <0.01
FVC (%best/predicted) 0.803 <0.01 0.820 <0.01
FEV1 in liters 0.716 <0.01 0.254 <0.01
FEV1 (%best/predicted) 0.713 <0.01 0.251 <0.01
FEV1/FVC 0.410 0.024 0.634 0.123
MMEF (%) 0.273 0.145 0.884 <0.01
This table shows:
Inverse relation between waist circumference and FVC, FEV1,
MMEF with a highly signiﬁcant statistical relation in group (B)
only.
N.B. There is no signiﬁcant statistical relation between BMI and
FEV1/FVC.
Table 7 Relationship between waist circumference and other
Spirometric parameters comparing the control group (A) with
group (C).
Correlation Waist circumference in cm
Group A Group C
R P-value R P-value
FVC in liters 0.868 <0.01 0.989 <0.001
FVC (%best/predicted) 0.803 <0.01 0.986 <0.001
FEV1 in liters 0.716 <0.01 0.966 <0.001
FEV1 (%best/predicted) 0.713 <0.01 0.910 <0.001
FEV1/FVC 0.410 0.024 0.352 0.057
MMEF (%) 0.273 0.145 0.978 <0.001
This table shows:
Inverse relation between waist circumference and FVC, FEV1,
MMEF with a very highly signiﬁcant statistical relation in group
(C) only.
N.B. There is no signiﬁcant statistical relation between BMI and
FEV1/FVC.
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in waist circumference was associated with 13 ml reduc-
tion in FEV1 among patients of group C only.
Data management and analysis:
The collected data were revised, coded, tabulated and intro-
duced to a PC using Statistical package for Social Science
(SPSS 15.0.1 for windows; SPSS Inc, Chicago, IL, 2001).
Discussion
In the present study the mean (±SD) age of patients of the
studied groups was 56.4 ± 5.5 years. The mean (±SD) age
of patients included in the control group (A) was
53.7 ± 5 years, while that of patients included in group (B)
was 57.2 ± 5 years and that of patients included in group
(C) was 58.3 ± 5 years. These data were matching with Chen
et al. [3] who conducted a study on 1674 obese patients in Can-
ada with mean age 51.6 ± 15.3 to determine the predictability
of waist circumference (WC) and body mass index (BMI) for
pulmonary function in adults with and without excess body
weight.
In the present study the mean (±SD) value of BMI mea-
sured among the studied groups was 26.6 ± 9.4Kg/m2 and
the mean measured value of BMI among the obese group
(group C) was 34.3 ± 3.6 kg/m2. These data were matching
with Chen et al. [3] who found that the mean value of BMI
of the studied patients was 29.1 ± 4.9Kg/m2. These data were
also matching with Nathalie et al. [8] who performed a study
on 121,965 patients living in Paris (underwent a health exam-
ination at the preventives et Clinique’s center) to study the
relationship between the lung function impairment and
abdominal obesity; 80,830 patients were men with mean value
of BMI 30.5 ± 4.5Kg/m2.
In the current study the mean (±SD) value of waist circum-
ference measured among the studied groups was
99.2 ± 10.9 cm and the mean value of waist circumference
measured among the obese group (group C) was
128.3 ± 15.1 cm. These data were in accordance with Chen
et al. [3] who found that the mean (±SD) value of waist cir-
cumference among 738 men aged 18–79 years was
100.5 ± 12.1 cm and the mean value of waist circumference
measured in men aged 50–69 years was 103.5 ± 10.3 cm.
These data were also in accordance with Nathalie et al. [8]
who found that the mean (±SD) value of waist circumference
among 80,830 men was 106.3 ± 11.2 cm.
The current study concluded that there is an inverse rela-
tion between waist circumference and FVC in each of the stud-
ied groups with a highly signiﬁcant relation in group (C) with
average 1-cm increase in waist circumference associated with
20 ml reduction in FVC. This result was in accordance with
Chen et al., (2007) [3] who found that waist circumference neg-
atively associated with FVC in patients with normal weight,
overweight and obesity. On an average a 1-cm increase in waist
circumference was associated with 13 ml reduction in FVC.
Similarly, this result was in accordance with Robert et al.
[9] who performed a study on 3348 males and 1998 females
at 10 clinical centers in North America to determine the effect
of weight gain on pulmonary function after smoking cessation.
It was found that the weight gain that occurs with smoking
Table 8 Correlation found between a unit increase in WC and measured values of FVC among patients of group B and C.
Linear regression FVC & WC T-test
Unstandardized coeﬃcients Standardized coeﬃcients T P-value
B Std. Error Beta
Group B (Constant) 6.319 0.242 26.063 <0.001
Waist circumference in cm 0.029 0.003 0.885 10.039 <0.001
Group C (Constant) 5.763 0.075 76.943 <0.001
Waist circumference in cm 0.020 0.001 0.989 35.075 <0.001
Dependent variable in B: FVC = 6.319  –0.029 \WC R2 = 78.3%
Dependent variable in C: FVC= 5.763  0.02 \WC R2 = 97.8%
This table shows that:
Every 1-cm increase in waist circumference was associated with 20 ml reduction in FVC among patients of group C only.
Table 9 Correlation found between a unit increase in WC and measured values of FEV1 among patients of group B and C.
FEV1 & WC T-test
Unstandardized coeﬃcients Standardized coeﬃcients T P-value
B Std. Error Beta
Group B (Constant) 2.905 0.285 10.174 <0.001
Waist circumference in cm 0.005 0.003 0.254 1.388 0.176
Group C (Constant) 3.811 0.083 45.701 <0.001
Waist circumference in cm 0.013 0.001 0.966 19.918 <0.001
Dependent variable in B: FEV1 = 2.905  0.005 \WC R2 = 6.4
Dependent variable in C: FEV1 = 3.811  0.013 \WC R2 = 93.4
This table shows that:
Every 1-cm increase in waist circumference was associated with 13 ml reduction in FEV1 among patients of group C only.
326 L. Helala et al.cessation is associated with a reduction in FVC which was
more prominent in men than in women due to a differential
pattern of fat deposition.
The current study shows also that waist circumference was
negatively associated with FEV1 among each of the studied
groups with a highly signiﬁcant relation in group (C) with
average 1-cm increase in waist circumference associated with
13 ml reduction in FEV1. This result was in accordance with
Chen et al. [3] who found that waist circumference was inver-
sely related to FEV1 after adjustment for age, sex height,
weight and pack years. On an average a 1-cm increase in waist
circumference was associated with a 11 ml reduction in FEV1.
This result was also matching with Robert et al. [9] who
found that FEV1 reduction that occurs after smoking cessa-
tion was attributed to weight gain especially in men due to
truncal deposition of fat. The study result was also matching
with Chen et al. [10] who found that waist circumference was
inversely related to FEV1, even after adjustment for age,
height, working status and energy intake.
In the current study waist circumference was correlated to
FEV1: FVC showing a non-signiﬁcant relation between them.
This result was matching with Chen et al. [3] who found that
waist circumference has a little effect on FEV1: FVC with a
non-signiﬁcant relation. Similarly, this result was in accor-
dance with Canoy et al. [11] who found a non-signiﬁcant in-
verse relation of waist circumference with FEV1: FVC in
both men and women.
The current study concluded also an inverse relation
between BMI and FVC in each of the studied groups with a
signiﬁcant relation only in group (B) and group (C) and a
highly signiﬁcant relation in group (C); while no signiﬁcantinverse relation between BMI and FVC was detected in the
control group (A). This result was in accordance with Chen
et al. [3] who found that the negative association between
BMI and FVC was observed only in the overweight and obese
while BMI was positively associated with FVC in normal-
weight subjects.
The above result was also matching with Robert et al. [9]
who concluded that men showed more impairment of FVC
with weight gain than did women, the estimated reduction of
FVC was 17 ml/kg weight gain for men and 10 ml/kg for
women.
The current study concluded also an inverse relation be-
tween BMI and FEV1 in each of the studied groups with a sig-
niﬁcant relation only in group (B) and group (C) and a highly
signiﬁcant relation in group (C); while no signiﬁcant inverse
relation between BMI and FEV1 was detected in the control
group (A). This result was in accordance with Chen et al. [3]
who found that the negative association between BMI and
FEV1 was observed only in the overweight and obese while
BMI was positively associated with FEV1 in normal- weight
subjects.
The above result was also matching with Chen et al. [10]
who found that BMI was inversely related to FEV1, even after
adjustment for age, height, working status and energy intake.
Similarly, this result was in accordance with Canoy et al. [11]
who found a signiﬁcant inverse relation of BMI with FEV1,
in both men and women.
In the current study BMI was correlated to FEV1: FVC
showing a non-signiﬁcant relation between them. This result
was matching with Chen et al., (2007) [3] who found that
BMI has little effect on FEV1: FVC with a non-signiﬁcant
Study the relation between body mass index, waist circumference and spirometry in COPD patients 327relation. Similarly, this result was in accordance with Canoy
et al. [11] who found a non-signiﬁcant relation between BMI
and FEV1: FVC in both men and women.
In the current study, WC and BMI were correlated to
MMEF (small airway affection) in which a signiﬁcant inverse
relation between them was found with a highly signiﬁcant rela-
tion in group (C). Unfortunately there are no comparable
studies regarding this relation.
Conclusion
From the present study it was concluded that:
(1) There is a consistent association between waist circum-
ference and pulmonary function in COPD subjects with
normal weight, overweight and obesity.
(2) The negative association between body mass index and
pulmonary function was observed in COPD subjects
with overweight and obesity.
(3) Intra-abdominal pressure that has a mechanical effect
on the diaphragm is suspected of being a major reason
of association of obesity with lung dysfunction.Conﬂict of interest
None declared.
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